significantly increased number of cells with 16C DNA We demonstrate that loss of DEL1 function resulted content, as well as cells with a 32C DNA content; these in increased ploidy levels, whereas ectopic expression cells are typically absent in wild-type plants (Figure 2A ; of DEL1 reduced endoreduplication. Ploidy changes Table S2 ). The effect on the endocycle was similar in were correlated with altered expression of a subset hypocotyls ( Figure 2B ; Table S3 ) and roots (data not of E2F target genes encoding proteins necessary for shown) but, interestingly, was less pronounced in leaves DNA replication. Because DEL1 proteins were postu-( Figure 2C ; Table S3 ). The tissue specificity of the phenolated to antagonize the E2F pathway, we generated type might be attributed to the presence of two DEL1-DEL1-E2Fa-DPa triple transgenics. DEL1 inhibited the related genes in the Arabidopsis genome [3-5]; the funcendoreduplication phenotype, but not the ectopic cell tions of these genes might be redundant with those of divisions that resulted from the overexpression of both DEL1, although the DEL3 gene had no clear role in the E2Fa and DPa, illustrating that DEL1 specifically reendocycle [9]. presses the endocycle. Because DEL1 transcripts
cell area. Average cell division rates were calculated from the increase in cell number.
In the wild-type leaves, three developmental phases could be observed. First, until approximately 7 days after sowing, the cell number increased exponentially at maximal rates while cells retained a relatively constant cell size of approximately 80 m 2 ( Figures 3B and 3C ), implying that expansion and division rates were balanced. In the second phase, between days 7 and 10, the division rate decreased (Figure 3D ), testifying to the exit from the mitotic cell cycle. Simultaneously, average cell size started to increase ( Figure 3C ), indicating that the rate of cell expansion exceeded that of cell division. Between days 10 and 20, cell expansion continued in the absence of division, causing a 15-fold increase in cell size ( Figure 3C ). After day 20, leaves were mature and did not grow anymore ( Figure 3A) . When the development of the DEL1 OE and wild-type leaves was compared, cell size ( Figure 3C ) and cell number ( Figure 3D ) were very similar during the mitotic phase of leaf development. Cell division rates were comparable in wildtype plants and the DEL1 OE line 2 but were slightly lower in line 4. These data indicate that DEL1 inhibits the mitotic cycle when it is expressed at high levels. In both DEL1 OE lines, cell division rates dropped at the same pace between days 7 and 10, but they did so somewhat more slowly than in wild-type plants, suggesting that DEL1 might control the timing of the mitosis-to-endocycle transition. In accordance with the later exit from mitosis, the average cell size decreased below that of the wild-type at day 9 (200 Ϯ 16 m 2 for wild-type, 112 Ϯ 2 m 2 for DEL1 OE line 2, and 125 Ϯ 17 m 2 for DEL1 OE line 4) and remained smaller during the later stages of leaf development ( Figure 3C ). At maturity, cell area was approximately 25% smaller in the leaves of both DEL1 OE lines. Taken together, these data show that the observed smaller leaf size in the DEL1 OE transgenic lines predominantly originates from an inhibition of cell an increase of 2C cells was seen in the DEL1 OE lines E2Fa-DPa OE plants displayed an increased number of cells with a 16C DNA content together with two addi-( Figure 2D ), whereas the 2C population of wild-type leaves decreased at day 10. This reproducible increase tional endocycles, whereas the number of 2C cells was strongly reduced (Table 1) . Expression of DEL1 OE in the probably reflects the accumulation of G1 cells that have exited the G2 phase of the mitotic cycle, whereas part E2Fa-DPa OE background resulted in a reduced endoreduplication, illustrating that DEL1 inhibits the endoreof the nuclei of the wild-type leaves had already entered the first endocycle. Later during leaf development, the duplication phenotype induced by E2Fa-DPa. To address the question of whether DEL1 could also suppress 2C DNA population of DEL1 OE plants decreased more slowly than that of wild-type leaves. In the strongest the ectopic cell division phenotype caused by E2Fa-DPa, we counted the number of abaxial epidermal pave-DEL1 OE line, 2C cells remained the prevailing population for 15 days after sowing ( Figure 2D) . Moreover, almost ment cells of 6-day-old cotyledons ( DEL1 resides in the nucleus and associates with the promoter of genes that contain the E2F consensus binding site [4, 5] . Consequently, DEL1 most probably represses the endocycle directly at the transcriptional level. Because DEL1 is specifically expressed in proliferating cells, DEL1 might preserve the mitotic state of dividing cells by repressing the transcription of genes required for the endocycle. Previously, the mammalian homolog of DEL1, E2F7, has been demonstrated to regulate the expression of only a subset of E2F-dependent genes [2] . By quantitative PCR, we tested whether the transcript levels of DNA replication genes containing an E2F-cis-acting element in their promoter were altered in 10-day-old cotyledons of del1-1 and DEL1 OE plants. Of all six analyzed genes, which are regulated by E2Fa-DPa ([11, 15]; unpublished data), four had increased transcript levels in the del1-1 mutant, whereas their expression was reduced in the DEL1 OE lines ( Figure 1D ). In contrast, MCM3 and E2Fb transcript levels did not change in response to altered DEL1 levels. These data suggest that DEL1, like its mammalian counterpart, regulates only a subset of the E2F target genes. Because the DEL1 protein specifically inhibits the endoreduplication program, genes with an altered expression level in the del1-1 and DEL1 OE lines presumably play a role in the endocycle, whereas genes with unaltered transcript levels might be specific for the mitotic cell cycle.
In conclusion, we have identified DEL1 as a novel and specific repressor of the endocycle. Recently, we have demonstrated that the decision of cells to divide mitotically or to endoreduplicate is dictated by the activity of the mitosis-specific CDKB1;1 [16]. Therefore, it will be interesting to test whether DEL1 inhibits the endocycle by regulating the expression level of genes determining All measurements were performed on cotyledons harvested 6 days after sowing. The indicated values are means Ϯ SE (n ϭ 9 to 15). a p Ͻ 0.01 (comparison with Col-0). p-values were derived from two-tailed Student's t-tests.
